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(57)Abstract 

PURPOSE: To provide a method of manufacturing a light emitting 
diode which has desired mechanical characteristics and 
transmittivity and is capable of minimizing the resistivity at the 
interface between a transparent layer and growth layer. 
CONSTITUTION: Light emitting diode layers 32, 34, 36, 38 are grown 
on a temporarily grown substrate to form a comparatively thin layer 
type light emitting diode structure 40, this substrate is removed and 
conductive and light-permeable substrate 42 is wafer— bonded to the 
diode layer 32 to be a lower buffer layer, instead of the temporarily 
grown substrate, thereby manufacturing a light emitting diode. 
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[mm 1 1 mm<DWimm£.*m-sr sfs^-r f 

1 (32, 3 4, 3 6 RO'3 8 ) CDMiSiaiStt^&S 

trnzmtzn i tfmzmiRL ■. mwztitcm 1 

e>t££Sii 1 SK ( 3 0 ) 4tW* ; 0 1 StiLBc#Kfc#W 

FiSSHtSCtKi-jtfBt^*- F3« 
(4 0) *JBfiSO ; FfcjBffltettOfcLfcK 

(4 2) fclBfcy-f*- F»«C • * 
>5 ; -Y>i/-r€. ;I«4jfe6ttS#Bte*'fa|---F©«i6 io 

[0 0 0 1 ] 
[0 00 2 ] 

»*y-r*-F («T. LEDt«r»5) 

[0 00 3 ] U-lf-itMMrg. LEDteft$ffc:Sim 

< <DSI*JB© LED ©JB« LED * 
-tCfiSftSftS. S««t6«6«^-C^SSnA:3feiK(0 

-»*wK-r*©-c. jR^oawaJfiT-r*. fie*©^ 

lGaAsil^) LEDM2 0tCilt*5. p- 
F-f>^SftfcA 1 GaAs©ib'H->t*Il 0 30 
4. n - F-tVi'SiifcA 1 GaA sOi W+-> + 
;US 1 2 4#p - F-hf>^$tifc5IMb^y 9 A (J£J 
T. GaAsil>5) 1 4 ©*®±rj£g;5 

ft*, if^^tini 0 4 1 2<Dm&$tem&nwt 

1 4©x*;u=F • * + s.^S)K^x^;u^J:D*>^3ti 
©r. PRitRttSSl 4©^|fi)icT^CCSS^5n. 

c o o o 4 ] m 2 i «KJRtt©sffi i 6±ic-mmsm 

aW?<DA 1 Ga A s LE Dr*S. n - F-f>^S 40 
ftfcA 1 Ga A s<Dik , M'>t)l'l 1 8 4. n-F- 
f>i/3hfcA 1 GaAsffll2 0&O'2 2 4*^lR14 

ommi 6±-c«s?ns. if$*-> t ;w 8-2 

2 <D'<> F • » :/Ut&M 4 £-5 x f £ r ;US 

2 Ol^mtf^JSSft. .Bo?ftilR3ftac4&<xtf 

8R<^2 2£iijaLTjMT-f S^tciM 
WSftS. L*>L. jy*DRJDU29MJlttS& 1 6 r«4 

[0 00 5] L E D©ja*««©Sft«x* A^J: 0 <b* 

*c»x*a^ • v ^w-rsMB^Ajs^^m-r s so 



«fB§¥6-3 0 2 8 5 7 
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3 ft, ^-©ifem. LE D©^^AtI«ciSS 

So 

[0006] mymmmzmrz l ed(c(j^o*«d« 

^xf4?+f- ) .^SS-t*-5C4r*5„ L#>L. C© 
g?*l5©Wa.*tt LEDxf*tj/ + ;i/JS©«T-^{'c J: 

■5. S^2©firff5«^{c|^*$tiS©JiXttS«±-CLED 

xf3r^^ t ;u®^s$- l i-^c4-c*s„ mwr, la 

3-Cttn - F-f>i/$nfcS3fe14S^2 4 4. p-F 
-f>^Jtifcxf?*i/t ->Hi 2 6 2 8 

S3fett ra«j 2 4«te^^t£©iK»K1£©g 
&±"C7 5 ymfcLfc©J?l\ ^7tttJIL-^^'tt©x e$r 
+v'+jU®*fiKS$1*SC4{CJ;- 3 r^3S3n-5. 
£fJ©Jre*<5xfc-2*^ a ;UJS2 6£2 8#sxt£*~> 

Bfc*;Sft-5. <fc *3 JlCCi^fett 2 4 J: 

«3&5teK:J:f)ff<,>xfc-£*^ + ;MI2 

[0 0 0 7 3 

[#feflJ#ft?&LJ:5 4T-5S8B] i§ftt£g«£*rrs L 
ED©±IB©»!3g^{cti^©^.^s&^ 0 lime, 

f iS? + ^ +• ;l/gttg i< ^SB#p B ^ c©J:5&LE 
D©Miifi*i|!g^3ns„ mSK:^ KiRt4SS^I^4L. 

fcajcars l e Dmimz-ims - 6 5 ;t-4ttemis 

»(,^*->'HJfflS»-ti-T(C|X , 3S'5C4*igtL< . 
S^i»*5-BBISK^6. IK,- ^*-^*5gH,^c4{CJ: 

%> K*W(C l/fci^t ->*i^« 3 ft 

3 . x.-f<*Mi»l> 0 x -^^©x y?rM^.-rs£m^-S 
C 4*5*0. Critic J:-r>X ^ 4 ^r— F (LED) #*g$S 
-r^JHEJOi-S.. MfC, P?t,>3* wttii>£c< 4*> 1 0 
5;l/© rjfU>j Sg±-Cfi£S3ftSia2 0SD f I2 1 © 

l»J LE D«itf*-> • 7>7-«c^«f-r-5^«c^*ife 
WT*«i^^*< ^c*„ c©J:^ic. c©^2©S'# 
^Sffl L /c«^«a^/i{j|^cc»^ a fiSS^P -fe X©fc 

rj»-rifj . S?g©*ijffi«:/i-Lr« r^f 
©r. ^-®^5/l3©ras* s *s. 
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[0-008] -e©^. ©JRt4S«i. S3fett»ScDiM 

=fcoT. ®iRttSS5rWTSLED«jg7fettSSCDLE 
Dcfc^fiftfct^#tt£m£C4#r#S#. iRUX 

B. &^©^^(cJ:^TEftri5£r£C4#£>&. H 

[0009] wm±mxttm%t±m<D%wiizmm§i<Dx. 

fc - £*^-wW14®JKt£f 4©fS5K::7''5' v 9 • V?l>2 
H (Braq ref rector)® &f&& &C tlCj:-, X S^PE 

DB, ft^atyCBJfStfl 0 0t>i/X ho-A(D^< 

©jSt,»x e * * + ;ui*m d £ gj&f*;* -a- s c 4 

[0010] *IBM<DSWBd>«C <ifc85JK!)rf 
l»J S«©^M©««6<J#114. M3fctSfe«1£©LED© 

jfe?m<t5Wt5 led (DBmrmzmmTz C 4 (C 
[0011] 

[8Ba*tt!»f 4fcft©#S.l ±iS©@lftB. LED® 
JWWfrtt. ttHMJ^MRtt^x w • V>f4>ifVL 

H5**tfBorLED»«c«^sti*aiBafci*-c**. a 
§sjib l e d ji©x b- * * -> +• sbf&mmj-rz t -cb 
ledjbjcs^sjusci,*©-?. &%$mmt3.v9*u 

[ooi2] -^Wfigg»««3fa©««^tt*wrs 

LEDJS©S!^£®l5tt*s*-5*m*>?>fiR-5-C»,>5. 0S 
*.«. ffiAR0*SAJt&ft«jft$U t&^©H£1*fe£i&iI 
{frr*fc«>(C. ««SM©®4^S«1*ft£[gffl-C£S„ 

♦Rtf/XB^e-A • xtr#^>*$t?— o, XB 
E'D*W££tirrS L E DJIttlUMBIMI £ . -hT©S 

«&(,*. 

[0013] L E DttS0J$ftK«felr>?. BftiRtt©— B# 

WJiSgs«{iii5o 0 oM©x e * * *✓ + A«*£iftr * s 4 
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t,»#. •£-*l««Jfc1<feJiRgS««L E D«tj&©jS&S=fx*jU 
^iO^S 1»J&1. -?-ti43ft,l,»x*;Mr • 

Bfc<. J8(to5ri£K:ttffcgfixv*>^ 7>^»B/if 

fie. • i^>w-ct>wtih 

10 s©— gBx«^gp*^*-r 4 C 4 

[00 14] »Cg2SS*iLED«SK-> a -^ • # 

>f=-f>ysn-s. »a&§ss6e«r«. mw*-* 

s. se*w. l e vmm&& © p - ns^casc/< 
■i r * fcfln 5 fees!) fc>tt^{cms*#x rt, > § ©-c. 

2*tt*ffi4fi!cSJl 4 ©%l?ffi©ffitt*=&S/M?g«:-r £ 
C4*ifig-C*>S„ B»fM©«£i!|#ti©^(S?:fliii-r-5.fc 

^■jjx-^N • ^o^-r >^©ffl^-c^ffl-rntf#*ijr* 

5. 

[00 15] 

ffiSFWegSa^l^iOf^B . DOODLED B 

i o Mm*jii4ag{c^< . se-sr«n-^-r< . mimo 
30 »t>c4r&s. ^2©H«6WlrB. — ^WfiSSaiffitt 
2 ©S« * L E D ^^©^±)1 ICIX I) m-t tc'&X-VJlto 

■CB&< • ^^t'^ >y-TSC4{Cj;-j-rF!lA 

B 8 5 JUXB-€-n«±©JH,*SS ; &B( "? #W S C 4 *5 "J 
tttc^S. C©m2S«BS?gj&:4>©-CJ:< . *^Sg«: 
Kas^ima;ti(©ft:8f)©ttti[«i±ji4brtSTi:%. a 

tx^>LED^fi©ffiiJ®-cS*tt*S©^2©'?i-^ • 

40 ±s-a-s/c*©#m4L-r/c^ts:vz:o 0 ^w^tt/c 

[0016] o*-^ • ^ox^ >?&mznm-?zm; 
4^^x.sn-&fflj^r'$.s*i. cinccsg^snsfe© 

«itt*Jfi^iS3fett©S«-C «fc t * . c © «fc ^ ?iS® B5S® 

wccble D©^«r$iM-rsr*6^. *cr. mm 
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<st)Sci^-ctct^o lattice br. *«tt*Jffit>— o© 
i-r5^tt*^r®4L< Bgsr&.sijE&stts. 

fc©£^;L 6*1-5. • JiOf 1 .* 3 ftfc 

^I^Mliii ir rx» i^CD^iCedqe dislocatio 
n)J . f &:b^-£©^-#— X • rJU^x-^ • 

^£MT-5*>©<bi£«>6ftTU.£>. Ciae»©#ttCi^ 
ffJKBiOEM r&ffcifgfi(threading dislocation) 

Stt L -CSSiceS L J: *> 1 1 •*> ISGifcMf S x f £ * j/ 

c o o i 8 3 *m}<Dwwmmm-cte> mimic* ~?r 

jwassns. a i ^r© mi- v*zg#©£. < 
^©&^)fSg^-r«^^-c& o . Jn*^»«: «t o r^ft 

I I I -Vxe**^ + JWi*^OLED«cfi«tt«:H 

r z mm z ztifi&z. «. 122^1, 

fcJr^&A 1 GaA s©LE D«am©S>-SiftfiTr© 
A 1 ****WC>jlO!)Hlft<0*t»4.l>-C 

W^jWSi>*^uJB (xf5r + ^-p;u®2 8) ©^SP^ 
&A 1 $W4WilS< £a\ JP^S^tt. jSSf&B^x- 
^S^»4«*|ftil.*Ct*«'C**. H«tCLr. Ga 
P©3x-/^£Jl£jtlJJi»«2 4 ©*g)5# 

[0019] aijc^ijfcwri*. l e ummzifm-rzL 

s„ ^K5^-©»w«:isatsnfc3(aw*LEDitjft(c 
jswlt. ^a©^S3WSisi>^ns. c©n^jr-«. 
s 9 - «®iRt4©Sfe-c <> ig#txS«r <t t >g1£(t ± 

[0020] ^x-A.^f^e/iilfC, l>*>&5 

tcsbicm^ti l I I -v*2»#?x-./nxbs i«i 
I -V I LED«j»(£g-£-f £C<b#s-C#£„ 
[002 1] M&CSlJ©HJfeM-C«. ^x-^jg^jSft*, 
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4>&< it— 3©0x-;NStBa#> 3x-^©^£j;& 

fcf&2tiZ>. {flfctf. LE D©^S6^(C^fa©mSteg 
K^fiET-SfcafHt^x-^ • jJOtm >^fc:3fe£-3T 
jURSn/c«l^«(cS**^l,r*>J:t> < , jt&fflf(©njfiB 
tti LTBLE DtcSEEfcEPflOU' x&v V • x 5 v £ 

[0022] Hrrj$©i 5ic. 9 * -^Jg^&i^sra^ 

A- • 9-^©^JCvan der waals' forces) «— JS(C«W 
^»&^C£iWil3t,-tV3. BE^i^S^S©^ 

20 JP0>B4S-^-rs(gK'?x-/Naffi©^F3Fittt{c*aH-r 
Sf5J ^^©PflSI^^J^icJIp^ S C <b ifi-C # •£.„ 
[0 023] *|E6BJ©*iJ*«c:©*ja{CJ: ,Tl»Sh 
■5LED©tx^5i#^$nSC<hCC&^. *^BtaiSc>' 

>-r > if «SS© x f * + AfiXSJc J: £$i|#j=£S 

wacixo-c. 8 5Ji/X«^-nw±©^>s«*=ix hja 
K?aso'^^--©^##tt*if6j±-r -s . 

[0024] 

30 [mtfem mi *»m-?z>t. ^wzmm-TzmicD 

Xgtt. ^lB©LEDS=&^©±-CJlB'XJiSS3^-5^ 
lS«ilTESSSfi3 O^IRtSCtt*^ SfjS 
ftJWWI'CB. 3 0BLED B©S*iS^«C|^* 

3nS-B5WfSS»«-e*-S„ "CflWWSW-CB. 
«©m»W. 3t^W^ttB®{i§3n5LE D©Ujfp{C« 
mmt£WT?. fiSgS««L E DB©^g{C^§T-5# 

40 2>©-c. ^©!?^-CB^g©jlj^txJi«1-©#t4^m5 

[002 5] — H#fl«3fiSSa«3 0 ©Cf}{iJl$*52 504 
^15 0 0 wm©ffifflF*g©Ga A sISrfeS, ^«CE3 
OOLED13 2. 3 4. 3 65^3 8*SsSgS®3 0 
±-Cfi!cg$tiS 0 LEDS3 2-3 8tt?K*ixf^+ 

^taxfi?^->. ^wm^#R^^e-A 

• x f ^ + ix?:^rtf ^-^^©^©fsjn^^Jffl L 
TJ5!ESS#SCiAi-r-#S„ L E DJ1 3 2 - 3 8 it~m 
HI«g£LED£fl$fi£-!r-5#, *^at'©®<OLE 
50 D^gfC^^Jffl-C^^,. 
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[0 0 2 6] J05SS1K3 0©X±OLEDI32(in- 
F-t>* r StlW»«Jl'C*4*«. (3 0) i 

lt^Snfc*2«Ht«>!!c*. 3gflJJI©-t;frrW:n- K 
.-t->^3ft/cTSB©A I Ga I n PaSttJBJWSSSft 
S. T^©^Jl©LEDJg3 4©J¥3«09*«"8O 0 

[0027 ] AlGaln P©fig»JI S L E DJB 3 
6«J?$*iMx«5 0 O^jf- h;b*rjifcfi3ft&. 
^CCp- F-f>«nfcA 1 Ga I n P ©±§Uag£flf 
tiSSiitK:, liilffliJ®£&£c£LEDJ13 8©fgS5 

ffc^CSl-r^Clitci-o-C, LEDijS©ti*|SlJ:t 
z>-rcmc. jgfj-c, LEDJ13 4, 3 e&o'S 8 d: 9 & 
jgHtt^;gc> >w > F ■> li £ * 7 V > a > £ Lx±.$m& 
§i)5:5LED13 8©±-C)SI3eTtJ:l,>. C©J: 
5 & -i > h" f JIB:? l/?ft- (F1etcher)ffeO*H# 
IM8IMf*5. 00 8, 7 1 8-^«CR«Snri>*. 
[0 0 2 8 ] LED132-3 8 F*J"Cii<fe &?IJK©7£lJft 

ttffi**0<*«Oi5c<r4>J:l,»rt><&r*S. 0*»0. 

tif. 3r. H2 6#ltSi, /£fi*«BgE«Cl&*3 
ft. JSRgJl-C*4LEDJB3 2 -38(c«fc-,r^(S3n 
3ftLED«jft*q»3nrt>5. j£R£«©B*£tt. {fc^ 

x * ?\ v 9 ^wm/wm. stEtt-r 

> i'SO 1 -Y * >®*&^tf*ft 6 fflI^fot©SffiT 

c &ftcjii»r«BiSt«B«qmsA o bis 

L E DIB 3 2 ©3HSP. X«— «P*Bfc*0. TSPOSWd 
-CS, £ LED! 3 4©— g|S£l&Snr£ £1 £#r£ 
[0 02 9] -^fiSS»«*|^*L-fcm. %kmfa±.&fo 
#®2K*OfcLED*tt4 0©»T»©LE.D»3 2 
XB*±Jl©LEDJi3 8©ffr*a*>«C»^StiS. 

13 2-3 8 ac/XBS^ 5 n est ©^KSy'Tfe 

iSESft*. <5*-^ • *>-r.r >ycc«t-prLED(c 
tifigit^sig^w-^-r zmvumttm orgs. < ©w* 

[OO3O]03ttS^IiltiiSn, £fc 7 TeX.S 
«T & £> 5 iglltt. 4 2 *J««H-C* SLE 

DJI3 2{c^xw^^3ftfc*5S0!l ; &^Ori,>S. *? 

< [M^-z^Sn/Cim. ®3£1£S«4 2 «8 5 

;v=&^-s)¥$5rWLrt,^. S£5fc©^j£<sy?? or c 
r#>£rt\ ^Fnjfigr$>9. nJfi£r*-5K:orfc#tf>rg 
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B^^g-fSr*^,, LED^4 0©Jtt&fl<JlSWI 
r* SLED® 32-3 8 fcWSr/ifcg^lffttt'J:^© 

#. *ft(c<fc^r&as£^is«c-f sc£#sr#-5. 
Etc. ^x-^ - tf'vfM >yxfl(cj;o-cxf$^>' 
+■ 3 ft £ j£*;t4«S £ it® or ««fl«rt*tt*i*K» 

sn/tji^^g^ens. -?-©ismMW3ia*LE d 

r. WS3&sj:01Wt(ctf»). S»©*ttMb&i**:-r4. 
io V x • iJ^T 5 -f > ^»E(c*|g©JSgSU*i 6 p - n m 
^*^tft-T5ft:fe{cfOTLrfc«fc< , -?-ft«:J:-,r§£ 

[0 03 1 ] 3rg|4£#BBT-5£. $Jj*I?M©8l*) K 
««S»M©LED^*J$$nS. S14 4^^{J1 
#&C J^rJtSB&ttJfrfc-SLE DJ13 8_hCCfl£j&3ft 

£. )*2*£4 6l;l3ltt& 33fet£a£«4 2_Bcj&tS3 

ft*, co^fc^asm^nsas, -eftKis^sft 
r$>*. 

[0 03 2] JS-^CCjrortt^*-^ • rK>^ >#£ 
Sfifrf fcT 2> tc eb tc±ia©IH*-#UE-r & c £ #M £ > 

#>. x»iS!«rsjt.*ici*«**. ssr 
«, s i c ss©?i<^s«r fe * &in 2 s« 4 8 *sia i 

•S. f21«4 8«6 5^>&e^* r/?t,*j It?*4C 
.i36«H*Ol». fi£g««3 o^s-rsmroc^x-^g 

30 ^-rSCifCt^r, xf^ + i/tJH©LEDI3 2 
- 3 8*5S«tcJ:^r3^3ft.fel,^K* i !&< &£© 
r . «a©^W^^tt«^:*B(crfij±-r 5t*55. 
sij©^iR£or. ^x-vn . ^"^-^^ > fcomicmsim 

2 »« 4 8 ±tc X f 3? + f + 3 iir t «fc 1^ 

cci^ftit^+i/t )\>mmm \tmmm r * -sled 

B3 2©SgprfiSSS«3 0 igS-gl*. 6 fi 

ffifflorfcit,*. 

[0 03 3] sij©nsswr«. 13 1 ©*gS«38*tt. X 
«®»Rtt©fiSSS« 3 0 ±re£g 3ft*LEDB32- 

40 3 8 £*rr ^^^©^©^©r -e©^»^ 

5©^x-^g-£JlK:J:-5ifr2S&4 8«. 7l^?ft 
-<Fletcher)ffi©7|4S!|#ltB^$ffl#^5. 0 0 8, 7 1 8 

l\ ^mtt. ^^©di^c^^o Etc, g±@©m2 

as 4 8 u/c^. #»ttffl»tf /xtt**aaM* 

tx«:f^±3#*ffiS^6, 7C©fiSS»«3 0«:l»*0. 
Si]©t4fig(S]±Sffi?:^'3 ©«i*©SSI5(c>i» x -^S^r-T 

[0034] Etc. s i <Dm^tmmmifii&< . ^g© 

50 S8SJ£SS[^*iK^3ft5fie3^©®3(£ffig©fiRSa«3 
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9 m 1 £ * — ' ^-^-r & c 4 #g $ la > . 

©a3ttt*«3S««W*©fil,»JSW 0 tc L E D ®«: V * - 

abc * * - ^m-ST c i # r * j: 5 . 
[0035] mmcLx. ww.&(D-mfimgMmzm 

H4K0'WWS/cJ6{c 1 ?i-/N • >#*mm? io 

•5 C 4«#jg&^t&Wr*tf ' C © «fc 5 ft x - 
A.^f^y-CiLE D JR^-©ttlB*IBI«CCiei±S 

CO 0 3 6 ] zxmGZg-M-r&t, 

a > if\tm 1 X«H 3 ©Mti*0«Bft*^RS6ttftT SA: 
JWcfefiJffirS*. £<©A1^TI I I-V¥3K* 
a. c© J: 5 ttmMfiWMMK*. <0 £{fc t,»c>© 

{ttc«fcorffl^©js§©A i i i - vif^>> 

ioVJi©LEDJf 3 0-3 8%^tfLED(CfiS14©* 20 

LED13 8©»{fcCc@HT.&tS£-ai*£. A i 

14©?*-^ • *>;r.f >^Jf 4a#&A*i«\ SWfcB 
E*±-C#S„ mtf. • #>tw >^H5 Ott 

[ 0 0 3 7 ] m 3 ?rW<>'#fl§-r i . M*ttS 
S42iLE Dil4 0 4©M©9ra©*4tt l HSIftU£ 

mit<Dmmicj:->-cm3E??>cti>ix-$z. m«\ 30 

*--^Jg£;*ft£jg«4. i§*:f4««4 2©±®«c»l> 

L E D^ii©ST® © L E Dig 3 2 (Cfl^-r -5> C i Ai-C 
#S. 0 0 0*>y* hD-^*$8©Jt.£#ihP 

2->«3S^c*#uc 4# i &g-r;&6*>©©, J&£** 
£tf>£ltffiflt«. LEDf^iiStt, 5§:ftt£«t£4 2 

iS©jSia*aJf&CT S ©(C^c^JnS «,> C 4 *t£«-C& 

5. ^tiJ;^ -5-c-cS«©S 40 

®*5&TJ1©LEDJ1.3 2©^®4«M3ti. HgtfiS 

x»^#-s i o, -¥mfe<z>imim*wm?ztt so 
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tcj: -pTjg:fcftfeSt6©L E D£0*£f ■£> t tWW.1t UC> 
tc6 / j. 07£#fiB-rS4. #5*XttS iO, „ X« 
*©f6©lMt»©JB 5 2 a#tt*«5 4±«: 

J&fiL-rZCt&X-itZ. y«Ui5 2 #A 3 ft 

5 6W43ns. x«-e-n«c^r. le 

D«ti£4 0 ©STB© LED132 ±«C^b«J&CX/X 
fcH&££Bi{t^i&5 8(C^-4?->^L.TfcJ:u„ C© 

^85JBr*5LEDJ13 2©S?ffi4&&l!£ft, a&gttlj: 
->r)l©F s 1©^i-v^^Jf$fiS5ns. l&^tfKcj:-? 
r*m«SIB©S^5SflEWi#» £ ft* . 
[0 0 3 9 ] £rg]8$:#MT3£. W&©L EDAMS 
4 0BS 5-6 0fcOi-Ag^t4ci*i-!?t5. 3 

7-60 izzc-cTutemts ftfc#a. XBSfetcss* 
^£fts. ^BS^fcsij^-rsmrKjs^sns© 

[0 0 4 0 ] S 5-6 0 ilt6 2{±LED«fcf4 OtC 

w^j&gxtt^sftfc^ v y • >; 7 u^**i 
^^^^^©•r-fccfct-^cijca^sfi/ci^ »«6 

vmrpztizm^ cn?>©«if4©^*». mors i 

[0041] • rjor-i ^ j ?JM*mmb-cm 

$WSftSi5«ITib5»^a, StOLE 
D^ig4 0 46 4<t^5C»4CS#r^. fio 
©©i^rl?2.„ ±SP©LE DM40OLED13 
4 4 3 8 © f- - f> ^©Jg^BTSP© L E D*j|j£6 4 © 

jb 7 o rc; 6 6 ©-e-n-ett© k - f> ^©^sci^tre-r 

•5. Sfor, Zlo©LED«it4 0<i:6 4«i:«[i]t;@tt 

c©«fc^tcur. wrnvm^cm-sztizftuc^ l 

ED«i§4iM©gtt^W^5!i< F-f>^$nfch> 

g{5«. C©S^SP©SW*Mfc^i-^ • jji^ff 
^rffUo-?. LED«Ji©— ggi OTx f£*^ -v;H?£ 

[0 04 2] S9©^g«<l*r©LED«®4 0SO'6 

4*ijns^(Cv'wr^$nsj;^(c. ±gum©7 4(cm 
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ED«jS4 0S^6 4O»«3^6fiS*LED*gKtt, * 

«EO»H-r»fW*. MH7««LEDI3 6-£K 
SfrJ16 8 t*sp|Ctt«i*;^*Wr4C tl*»SW«C 
ISTttft^. L*»U »3£fSfcS«7 8fcttB* 

COL E D»^]Bctfix*^J: 0 «>*Src>XJM'4 r • ¥ 

r ffiSOU 3 ftfc»£ 6 8W * j&sr a S c <!: KSS 3 ft 

[0 043] LED <D«fiS«C|B 0 TGES©«©»ffi* * 

x-^nci^^s. jHsasaswrtt. *x 

-^*S6JBtt»3*«l s;u*iBiia**»r**. 
"MP S i , Ge. A 1 P, AlSb. Ga 

N, A1N, GaP. Ga A s , GaSb, InP, I 
nAs, I nSb, ZnS, ZnSe. CdSe. Cd 
Te, S i C, Xtt±E©^©ffiKfl0fi^-l*3&sft*ti 

l 5^tt±©xt'^*^rJi/jir*5cifer*s. E 
WU£2 mn©j:Oiiixt:$ + ^t;Hr*ot<>J: 

[oo4 4] m i o titcmKomto 

X(D¥m#? * w\ 1 2 6 iSPCOffitJffl 1 3 0 i , 
#g«jJtl 3 2<t, T«K©»#Wl 3 4£*P6lSSLED 

LEDi^ilSl 3 6±-Clfl«3tt**\ Xtt, Sfi 

1 3 60C>5*-^g^3tlSC<!:*i-C*4 Q 
JiSSti&*»*^*wM 2 6ttH5*»JHbtBMHL 

fcJ:5«c««fflffi«^^>K^rj:c^. cftKiRssft 

2 6«I1 (DSlaSi br<DT8HRffl 1 3 8 #B» 1 4 0 

*®js&rs/c«>icx5r^>i/3*a-s B mfr&'mf&ct 

[0 04 5] HI 1-Ctt, '**->»SS3ftfc*»*"> 
xwM 2 e^LEDMl 2 8©±SBO««B 1 3 0 



(7) &m¥- 6-3028 5 7 

12 

^^x-^Stltl^. ^(Clil4 2S^14 4 
A^^->MJh/t^^ x -^ i 2 6©±g|5^ 

3 6©T*affi±K:»JiS3lT,4. 
3ftfc^ x -AftOB* 1 4 0 tt^iHfc L < ttSHt£j£ 
J5jfTS. SSI 4 2{C^EE<SrEPJij"r^CiCCJ:orLE 

Dfiiii 1 2 8 tcw^irs^, a 1 1 (Dwmomtx 

[0 04 6 ] «ffi(D«««— fl8CC«jRtt(D«iar *S. 

[0 04 7 ] f^^l/-St>^^-; h £09 J: 

5 &*©«CDL E DgfifcEKE 3 ftfcWftcMftftfc <fc o 
r«jS#S6ftS. 13 1 2 1 4 6 ±CC L E DAIS 

1 4 4 h • x^ £ 1 4 2£r^L<TI^ 

So i*i48ii5oiwx-^- #>r-<>?mi 

5 2rt«CJgJiS3*irC*4, LEDig«iWN.#> 
TV >^»£(D#»ffi<D£iHra. Sffil 5 4B£n 5 6 

*^awB-c©«aw»a*«i«*iB3e'r*©-t?. pes 3 

ftfcSSKIillHBKlJ: oTB* 1 4 8 t 1 5 0 tcomic 

k, 8*i48(bi5o «*— ©a(Kffi«o>»a *>sp# 

[0 04 8 ] ■5*^»68n«*»*»)*^0^* 
30 ->JBtfEtt % LEDJB^6ft«3ftfc3l6«*«W»CC|f 

^•CD— ffl&mi 3tC^3tirc^ a LED1156A« 
JbHl 5 8<tTJil 6 0£®flNctttt3ftTl>«. fl-SU 
1162il6 4ttK^J^$*-^ft^3ft4. Hifc 

##«^ttK8«rc* * <£ ^ assami 16 6, 

1 6 8 SO* 1 7 0 t2«ffi 1 7 2 *P ^55^fC8f ftfcgB&K 

[0 04 9] 1S1'7 2#>e>LEDJt 1 5 6 A^CD^S 
©«a«*S^ffl« 1 6 6, 1 6 170iC<l;oT 
«£^IB»3tltU>**, LED@^6CD7^«i^3 
n^> 0 j£H0>l¥iei4»#»#fl« 1 6 6, 1 6 8, 1 7 

T^>^ 0 ^H<Z)4^<*OS*r^«^3 r J: < , —Mm 
^»»^*-^©a^*tt«:j:or2E*3*i*. ft* 
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l^^rtrHi^6ftai^J:9CCffiffl<DJB«*<tO fc 
CO 0 5 0 ] LEDffi(C/^->M3n/c*^x 

stifc, xtiSfttt^asttig^faKrecLEDB©— 

>0JS83ftfcL EDI17 4&4M& 1 7 6 

£ 0 /^->M?n/tLEDl 1 7 4ttatB^6xtf 

&C{£gT£ L E Dill .7 8 CCS x -^sn/cfeQ-c 
feJ:t>. 3*1 7 6<DJBJS8CC5l*lftl*r, ^2IS18 

£-2ft£o LEDJ11 7 4ao f /Xtt»2'S 

£ ->j&£ $ ftfc - o©«*»HBK: ^x-^a 
^CZIOOJI^LE Dxt^ + ^t;H(Ox- 

C0 05 1 ] 0£#M?-£<b, 8»U0»fl 

«©x-^>^*««Lt¥»»»>*-^l 2 6K 

ffltS P - n «^»«r»«tr Sfcft ©j^mdfcXtt * 
14*91. 6r*l cnttx^>yi^x-^-?P> 

./ > j: o r mf& $ ft surasoaiH £ mmtcym* 
[0 0 5 2 ] ^^>Msn/c?x^ • #>tv > 

XtSh/cn-Ga P^**«aT4^*fflC>r^* 
->J&5SSfttt<r»n -Ga Pg^COS^Sftft:. m'^- 
>«?flE3fttea«ttieS*iftl 7 5iimr«3jW»l 5 
m mCDfig^S^^x 9 * > C <t «c<fc -o rjgfiSS ft 
tc a ffifrttl 2 5 MmftfWBW*IBr6ftte. CO<£5 
tt^ffirS«©/<*->»j0a4S»«caMJr*, 

^j4 0umr&*J:0>'h^i^^4>ll^$ft/c o \ 0u 
ft±5o ^^->»*SSftfc^*wN*s»^3ftfc«i|j 

o*»o*ft*i»jhr4<fc5«:. aa-r4tt«*wfflo 

migfiWfi^G a P - G a PS^fciteSS ftfc. 

[0053] mm^vam 
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01 5tt-*f<DO*-^8 OO'Jx-^SraiiWS 

©JSMB^8 4<fc»ffil/ri>*. m 

*««8 2©iatt0. 5^>^xo, 8-f>?"C* 

4. *2 JMQfftt8 6 54^ 1 S»«^Mt/cfig 
^i±f>9 0 ^SSTSaaK:^8 8 £<Ix.Tl>£ 0 
S^ft&£3ft£— -^8 0©f3«:7>-7 

^>r^fcS#Sfc«)ftc % mSf/* (H^-ttT) 4 

»«««8 2rticK»-rSC±#r#*. 

10 [0 05 41^1 i^2I$&?W8 4M8 6 4{4S^ 

KafrS^fi 9 2 Wtcjf A 5 ft, C ©53»«*«:RJ«* 
^#*0C»ASftS. 1. 0 V v*~/ft<DmSL<DYi2 
*H»rfflK^8 5 0 - 1 0 0 0°C£r±J?i*ft£o & 
SS»lt4»fS©iaS^^4S#4HJti!r*t). 

[0 05 5 IM*. -«©«)*wx8 OsWEBWSft 
£ Q ffi»^?«E3PB9 2CDJSUK3S^» (5. 5xl0" 7 

20 /*o i, mi tm2m^mtB ARvseomxawk 

»<8. 4xio-V°C) i<DS(cJ:^r^r-5. E 

5. 8X10VC) ««^T*S(0r, fflftfc*»C 
(KITS. Jb*Lfc»]£T\ I I I -V¥3Sf*^*-;> 

4. -e-oiis*, v*-^mw&EE%&zti 

Z> L 5 1 He Hft£ u T * - ^ a 55 <D A ^ 7&i fiME 5 ft £ C 

[0 0 5 6]il 5<E>3;c-^ • rf*>7W >ySgRc££ 
}§rf Glutei. V x.-j^8 OteW&tiCL-CO *-^WkW& 

30 &»ft^«{t«!*»*uttetftaa6tti^ mmmmm 

NH 4 0Htx-^>ysn^Ci5C4«9riiSn 

K*rs/c*6c^x-^Nj4a^cc>^ y-^cpcca^ft 

IB. Sftri**. 

[0 0 5 7 ] ^^ft4LTt^^^-^8 0^6>^^ 
-^3»l»*SftS. ^^^wb^a-^^CC^L., 
40 w\8 0B77>f^7-^{cj:otJ8^tti«:g«) 
^ft^o b^L, 7 T > • • 7-X(Cj;|,g^c« 
Htt«:*»tt«t«i?«K*«ft < % — ®(cfifiEcDJ: 5 & L 
E D«BOiffirffifflSft4<Z)CC3te»&««tt*«S6ft 

Ell 5©-)x^ • #>^-f >ySSa*«ffifflSft4. 
[ 0 0 5 8 ] TBB©*it©»6, ^x-MttGaP:S 
(n -5 x l 0 17 cm- 3 ) CDS« C < 1 0 0) + (1 1 
0 ) <D^mc2' . Xtt ( 1 0 0 ) + ( 1 1 0 ) (D-fifo 
^CIO* ) (G a A s JbT^X^-ti" L&tcIW-S 2 
50 ©«ffixtf^*'>GaP^6f^Sft/c) GaP:Zn 
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(p-2xio l, cm°) r*«t«6Rj rt^JSoTC* 
5. G a A s : T e (n-5x 1 0 1 ' cm-') ±"C£JB 
W«t?lf (MOCVD) StJr^TfKfi^tf/c- 1 m 
DKDIno.jGao., P: Te (n-lxio 18 c 
m- J ) > RmAOC VD*Cj:^rGa A s±~C/£;g$-tf 
'Ail n 0 . s (A U Ga a . x ) ,. s PrjISfflflKfiOL E 
Di*6jat4»*>ffll*6tite. GaAsIfi«(ll 
0) CD^CC (10 0) + 2° <E>iSr*IT£>^/c 0 

H C L : H N 0 3 : H , 0 (1 : 1 : 1 ) *T©x**> 

[0 0 5 9 ] no<D£*-/\ • #>rw >^|gcD^^- 

&L/t<fc5$C % ^&XgCa*^x-^;£NH« OHr 

ffttc«^3ti4^x-^3&s, HF:»V*>*(1 : 1 
0) tx^>^L, ^iCjtt^3f->*rfflgf, N, r& 

Ga Plli, (G a A s : Te±(D) n^In 0 , s 
Ga.., Pfre>J0te*>©T*ofc. 8fl<DSffi«HlXflCD 

F*«i««S*ifc. »>*-^IJB*(Cl 0 0 0-C-ClB$H 
f^JI3ft/c 0 NH, OH->^y-;«I$n/c^ 

ES&OffiJ^^rt^gftfc. HF : K-f *>*r<D:t 

[0 0 6 0] NH 4 OH-^^/-;^,J;^Ml« 
n-Bl nGa P^n -iGaP(cg^6^ 3I?± 

*ffi^r6^«Si«FffeQ*^CS. (n 

a A s : T e±CD) n -M In,., Ga„., (Ga 

As : TelO) n-»[n B . 5 Ga B . 5 Pijg^fS 

C/c„ C©iS(iCOSIM«sin,.i Ga,, 5 PCC 
te^T'&a*^ GaP^^t«iT^StSCi 
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[0 0 6 1 ] (a) n-JB©In,. s Ga 0i5 Ptejg^ 
Sti/cn-^OIn^.s Ga.., P 6> ft < Hffi»£ 3 
nfc^^-^i, (b) n-J(?<OGaP«:a^Siaten 
"^In f . s Ga 0 .s P^WSiflEg^Shfc'Jx 

*)>U (a) J.X3j?-^© n -JB©I m. s Ga 0 . s P 
/In,., Ga.., PO«^tt. (b) :x^#-^<£)J|i 
10 ffi©n-Jg©In.. s Ga 0 . s P/GaP«^ittKl/ 
T«JffltfU<fil»lKS*IL3lfc a (a) <DW£K& 

tt«5*-Ar*ofc. (20 X20 5;!/©^^) 3b 
S^tt. HtftWAOfici'l n... Ga,., P/In,., 
Ga 0 . s P<Dg^5i, 1 0 0 O-C-Cii^^n'S I n 0 . 5 
Ga.., .P/GaPO«^<bJt«l/r, W9 7 5'C<DJ: 

[ 0 0 6 2 ] ^KCDteStt, LEDOSjfrtMSWBStiS 

20 i>c<t£7ni/Ti>5 0 ^(DafiiL/roitBft — 3©8igj 

*«^Oi»*tt % GaflK^&ifcttOr I niK*<D*ffl# 
ftStfUK. Xtt..GaP£ttt!!t/rin,., Ga 0 . s 

r&£ 0 jg(C. A 1 GaAs-GaAs - I nGaAs 

30 XBGaPi^Lr, g^?n/c^I©JI2r I n 
• * Ga,., P (x<0. 5) ZCttfit:* 

[0 06 3 ] I n*&J«#6CftlAT. RI«©#H:, 

IWfe^^il^WttSrWTiOTOI I I -V, X«I 

*iJffl-C#^o Sfor, HgM, Cd^rW, MZnt 

[006 4] waow^aaswtttoiitjftH*^*- 
40 ^^^sjBjflwsauomKc^^^^ *«, 0 1 5 ossa 

g^^TCte, 1 0 0 0 0 C$r-CD raffl&J strain 

p) a^Sh. — ^r, T»o»tt»Wtti ooo'cs-e 
o r«ii6!)j ffl*4*^$txri^ 0 Mncots^fc, 1 0 
0 0 -c*T«»ort:««c 1 «rao«WHiw*>n&. Iq) 

[0 06 5 ] T$$<D fJ^ilcDJ ««4CC<fcor— JK(CJ:0 
50 ^*^-rS. CCD^^lSSil^CD— ^CD^IH^, 
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jr. x\*f&&&&mtwm&^mci&*>'>. ntc, c 

-fl^i n -m>v * -/N©^©*CCS»e.ti& *>©-c 
*-5>„ C©<fc5*tfci?1?fettp -fip -?B©^a-/>© 
S^-c«iS» <5 *i&*> -a fc. 

[0 06 6 ] n -Jg©^*-^<fcO*>p -Jf*©fx-^ 
*BSfffl©ffilaSI^©*3QSSg^*5Ci»*SSSBJ6 10 
*>t?*-5. p-GaPip-GaPO, X. n-GaP 

?^©JS^-i i> . i b^bkcm-jt iooo •c-ctf 

toftfc. a-fip- ^©>«^©S^ <!: t> * > ^b©^ 

x 1 2 5 JU©^ -j 7'©i#£. G a P/G a P n -Jga 
r.4<-7 • «>x (tt5*-A) J:0fc, 
GaP/GaP p • -5 * 

( 0 . 9 A*« ) <D7^JW^C*iec<S*> o tc n - B 

f-« - -> h<tJt«!trp -mv->-i-> vo>wi&mtt 20 
jet,* c i tc j: -> r p -m-v- > ^;HBEiHioaas»^ft » 

fiSU-lUCitCfrS. 

[0 06 7 ] QUDlttGaA sttfi«l$£U g*ttGa 
Pli^In.. s (Al.Ga,.,)... P LED(C 
m^^-^m-^-r^CtiC^-oX. SOfiRttGaA 

sfisss«^»u/cs s©ia)i: l e Dm&tttmLxm 

[0 0 6 8 ] HI 5©f • 5j»i^7 r -f >^«g«Sf 
C©^g«*m©«i0Sg©*S*<bOt:jEiffi**^-r 

^(omm, mi vsoii sos«sp*»h!»s*i&. 0 
1 7 «sie^9 4©±ffia^mori,»5. sfiaPB— a# 

Of *-^*BE»r-5te«)©-o©J!Ma»»9 6RCf9 

8 €Hi*TI,>3. — :>©«HS&SPtt9 6 ©&g£*>i2- 1 > 
1 0 0 *s«iJ©HiSSBW9 8 ©y * frtKSSShTI,* 
£. 

[0 0 6 9 ] MISSP*f9 6M9 8tt**MF*l 0 2rt 
KEBSti-C^S. a#OJ5M&aW9 6 W Mi&SB»©?tt 40 
tfcgJJPSPl 0 8 f*3{c¥iS 1 0 6£§ST£ C itcio tJD 
«MF« 1 0 2 (CM 0 r S^&gtc * £ . By ^» ©«i&§(5» 

9 8 ummtpm i o 2 wcf?»Djfi£-c<&3. miasm 9 

8©B3DSf!l 1 2f*U,c&n$t\tcWl 0 4tC2MK.ex 
tC. CH^Ttel 1 0©&gtC$> £—#©■? nj^ 
[0 0 7 0 ] 0 1 8*#M-T •&<!:> —M©f 1 1 

2»tfi l 4«S»jt*^Bi$ta-c^-5t^^$nrc» 
CftifctMlfttC. @19Hno^x-Al20*i 50 
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18^7jrOrU-5>„ H 1 9©HSSWIS^3*l. 

t * ±xmmx $> s . ^©lisfeti -5 * - i\ wm&x- a 
K^M&xnEEitax.&c ttcmm? zc ±&$>z. 
[0071] >?x-a 1 1 2syi i 4&mmcftMx 
ttzmi 8(Dmnma. v zmtcv* - 

mzmcthb*,. mi 8<Dmmmuc<Dj:5izm<& 

[0 0 7 2 ] J?iJ©pJgg14£ LX. f *-^^ffi*^#»D 

^^aijiifcgtiift l . nai* a s * + v p * * 

^5gisnfc^xwNtt5 o o°c*©^.sastcSD 

[0073] jstc. a^{cK-^©*-x*iai 7© 
* + u +■ igs«r«» sciAi-css. mati p > 

h-^K«H, Se. H, S. DETeMDMZn 

en^n -fm^t -oxtticmmx&z. 

[0 0 7 4] E91 7©JSlS^9 4{Cj:oTl2l 1 8 ©^g 

7= -< > y©^as#reiiB -c* afiAJffic > c i tc j: r 

[0 07 5 ] L EDCfflWOfcftWx-A • < 

>^©Mtcsd©«jitc«. -jx-AOiWfi. J»*^» 

S /c^tcS^tttC^W S^igffcJi CCil^ 
lirflft'Jx-A^g^tSC <t*5*5„ — ?©$$£© 
fflWt*. ^Ml&^RC>'SijS^©?^7JtcraL-C III- 
V. Xit I V- I V^ftJ:^ fc-HH(c*ffitt«c^Wi 
<t*P>ii-S I I - I V LED#Sffi©ffl^lr-S)-S„ ^g- 

Xtt-Sr^I^i-rSfc^tc I I -VJIKiKSfi*'! I I - 
V^iSftXttS iCSfelfjJ^x-^t^CiAi 

[0 0 7 6] fcJ±©J: ^.tC. *%Hjo#|©SSfiaitCOt^-c 
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-RCjtflS-rS. 

1. mmvwm&&m-tz>m:*tA*- fb o 

2 . 3 4, 3 6 8 ) ©UJ6£*Ett*»« 51#t!fc£ 

UllfiOO) *aw ; * 1 WfctK.mtZ-i F 
■*«Sr4C4KJ:r,-C«t^*-H«« (4 0) 

B <4 2) *$S6#^af—FB«: • 

[0077] 2. «*y-f*-F»*«as-r*m 

tt. «8RO»3ey-f^— FB (3 2, 34, 3 6M3 
8) **lttfi (3 0) ltxe$+->t«S?t5 

lit*! »iW»«:«tB»oji©xtrir+^i.;nss 

1 JClBKOft* y ^ *- F OlIlMt* 5. 
[0 07 8] 3. (3 0) ^^*-rSXfI 20 

SrS^C^tffffiai *fc«lW8E 2 «Cffitt©#£:£* 

FoMB#&c*S. 

[0 07 9] 4. f lOlft (3 0) zmztzjim 
tt. ®8B (4 2) ©^x-^ • *>rw >^(c5fei:-3 
rfrbihSie-c**). c©9x->\ • #>7v 
»l»R***C*>^|»*3ti*J636y-f*-F«a (4 

o) ©wfficcatoetta****-^ • >^-rs 
i«-c* s mrie 3 icia4E©^fe #4*— f (vwrnim-c 

[00 8 0] 5. MR (4 2) «ft£4r<f*-Ffll 30 
it (40) K>)a-/\ •#>f r ./>f-r*Ig«:. 3x 
- >fSti-2>B ( 3 2M4 2 ) SrtWfcS 

■C*SIWE 1 teiSK<D«3te*.f F©«JtJ58rc* 
5. 

[0 0 8 1] 6. - ^Vr-yV^-r^Xfl 

«. • jK>f f ^>y3n4JB©s^tt*aKSr 

Sfca&tcB ( 3 2 Ktf 4 2 ) lcJ£2/£JjDx. 5Ci *dtf 

xsrc $> s mria 5 (ci a«&©#sft # a W- - f ©i^^ffi-c 40 

[0 08 2] 7. ^^-f^-- FB (3 2. 3 4. 3 
6Rf>'3 8) &«ftTSXB£»#tt*«4*flW?-rSI 

B ( 3 2 i 4 2 ) ©^flffifCfcUT I n#*rjS#\ C d 
£Wfife». MZn ^TJiR#© — 3«r38*?-r -SXflt?* 

sffirsa i fcteis©^^*- f©»*#i*-c*£. 

[0 0 8 3 ] 8. IfeJfe^V*- FB (3 2. 3 4. 3 
6RJ>'3 8) *xt**Sx*il/jffi*t»6tt**S»^- 
*-BSWJSft»« (30) «Stt : -B*8Md«»« ( 3 50 



3 0 2 8 5 7 
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0 ) ±r«*^ W * - FifflSi^i tr ji * i/ + ju&fi 
s-i*. ffls«»mJE (3 8) £*roao— nsB<w££g 

« (3 0) {C^3tlfc»2{TO (3 2) **l 

(cj: ot-Miis oo) a*— mm$.mm$:B 

8.) g#fftx.€.©«7X^S«?r^7l6^-)'^ 
-Kg©»l i^2WM©— #JCi;*-^ • ^ r > 

[0 0 84] 9 . -K^5a#*®©g#^^.X®«. 
«3l£y^*-FJB (3 2. 3 4, 3 6M3 8) 
llffl (38) (C 7 j<AS& (48) x-^ • #>f-f 

>tfLitlkiastgMiR (3 0) *»if<5is**tf«r 

138 KEttOjfc**' -f *- F©^J&^fer*2, 0 
[0 0 8 5 ] 10. -NFftfJ^^*ffi©B#gS^.Xg 
fct. ffefti^*- FB (3 2, 3 4, 3 6St?3 8) © 
(38) tCTK^S® (48) £9 * -;\ - t}f > 

?v >*T*W{asfi»R oo) 
tffria8(cia«©^3fe^^*- F<otSJt*sr**. 

[0 086] 1 1. ^t^A FB (3 2, 3 4. 
3 6RV3 8 ) ±(C^2^mtt. SfttfeSIS (48)* 
9x->n • >fU 7*ASffi#. 3t3£ 

ttr-* 0 . *n(C«t ^> xmtZ-l *- FB*i8*ttS« 

(4 2M4 8 ) OMK«4W4Xa*S 6«:^tffrrfa 

.8. fria9 sfc«i?ia 1 o«ciatK©^*^'^^- f©.«? 
[0 087] 12. ■?x-/NS^©«iHiS-c©+f «; 

r©«K*Wii)**:*«:*^JI« (4 2St>'4 8 ) ©^ 
• .-JO^-f >^4i«: F-tr>y • t^x^A-T'S 
II * S 6 fC^t?«Jta 8 (CfB«c©^: ^-T ^ - F (DMM 

[0 0 8 8 ] 13. -B#W0«gS« (30) SttKAS 
« ( 4 8 ) tcSSfgS^.4Xg©fJ«CK^t«rl?5± 

-rs?c»K7xASs (42) t3m*tA*-vm (3 

2. 3 4. 3 6SC/3 8) ©ii>&< ife— -fHC^TrV?' 

FB(C/kAStS ; S:'i'x->'N - *>fv >y-r^/c»(C7l< 

xiSi^y-rt- FB©fi>^c< i*>— * 
©^*^-y*- F©is!3i^T , s>s 0 

[0 089] 14. IfllfSfci^*- FWfi (40 ) 
&Bf$.?Z?ctbl,cmi mtZAX-^m (3 4, 36R 
c*3 8) €rxf^+£>^jl,{cfiXg5#. : 02|%7fe^-Y 
FtiNI (6 4) *^1--5fcto{C^2l6*^-/^— 

FB(66, 6 8SC>'7 0 ) ?rx f^ + ^ + ;KC^S3 

■t* : mmiVA*- m&zm2 3tjt#A*- mm 

±tctm L ; RVm lS*y-ft- Ffl»Jg4Sr 2 Aft # 



(12) 
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[0 0 9 0] 15. 151201 ^^-Y*- FAR (3 
4. 3 6St>'3 8 ) «. (30) ±CCfiR 

[0 0 9 1] 16. ^-A.^f^OTi, 

mriam i sc« 2 &$t# 4 fwuan cmtzmr 

SJ:$tC01£t>02j^*y=|---F«iI (4 0SO'6 

4) *{ffl£fci*-*-4i«*.£tJiwiB i 4«:ie«s®^^ 10 

[0 0 9 2 ] 17. 01 SO^^^:*-- F**jg 
(40M64) Ra©h>*>H£-&SB (7 2) «rfl5fiSE 

»:»Kat©ffite*:»rr4XS*S 6K*tfWE 1 4Kta*£ 

[0 09 3] 18. *¥flg»ttfc««WWlt©il>a < 
t^—^ifim 1 RO'02©/! (13 0) ©fgWSKfS-o 

-ciSIRfttc^b-f -5<J:5K:jfri ©Jl (12 6) ©01© 
aE£^£-->yt, ;R.C>'01©/f©01©^S ; &0 20 
2©JBCCtfx.-/\ • >^"T-5 ; II4*e>&4 

«SlffiK«^3ia-cl««Lfc»l £02©il (1265 

cxi 3 o) **«»«tt©«*wrs»*y-Y*- F*» 

[0 0 9 4] 19. mtXlf-Fm ( 1 30, 13 

2. RCM 3 4) J&xt^+i' + JUiSfiS-tt. iWt 

1512 1 8 KHEtS©^*^ K*^fiS-fS**fer* 
&„ 30 
[009 5] 20. 9 1 (Dm ( 1 2 6 ) ©0 1 Siffi* 

'<>-i>ytiigtt. sncfaicci&o-cB* (i 
4 0) £Ji5^S/ci&(c01©Jga»6#*4*ISS^-r*X 

[0 0 9 6] 21. mH«rEn»DT-5/'c«)«:S* ( 1 4 
0) iftH^fc-ttOTSffi (142) *J&flBU 
02©Jt (13 0) <httJSMWJ«CiHS3niXS«r^tf 

mai stciae©***^ f^bo-*- 

3. 40 
[ 0 0 9 7 ] 2 2 . 0 1 ©Jg ( 1 2 6 ) te. Si^ffiifc 

9 <> KJH*JBJd£T 4 J: 9 fc*m*»6«H * nSBusB 1 
8 fciais©ffcfc#-Y *- F *0jss-r4*ftT*s. 

[0 0 9 8] 2 3. 110*1(138) *^^-f 
*- FftNt (12 8) KJ:^T*teS:h*3fc*UI.©3fcK 

W/< > - > z&mrzj: *> tv< $ ->*mtR-rz>j:mz 

^tsmiS 1 8 ttfatS©!fefc#W F*^fiS-T'S*ffi-C 
&£. 

[ 0 0 9 9 ] 2 4 . 01 ©SS (30) «ttt* : 0 1 
©S«*C I I -V \mt*tA*- h'fltft (4 0) £K 50 
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W : R& I I I - V¥m#»fct S i CSS'(4 8 ) © 
— :>£ I I -V I^SfHiJgfC?*-^ - X^iZsi/ 
tSCiWotl I - V I ^WSit©^tt*^l± 
•T-5 ; I«£*&fc4»fcy^*-F©RS.#i*-e*- 
5. 

[0100] 

[»«©«MI] W±©J:.5Ct. ^jWJUCfctitf. ©fa© 

«wwmttft*T* l e DJB©«ai«:au£:*^rr&tm 

-C0lS«£JKfi£U C<Df llSitcLEDMM 

mwmZOx-^ ■ 7 SIC Ltc<D~C. 0 

tS«tW^Fl4tjS*tt?rWT-2. L E D*fflB*IHOC*»c« 
arSCi-WC* 5 &&«>«:. SUlJgibJ&fiSi©^ 

[HiI©tt*ttSH0. 

(01 ] *!%WfCJ:5-^fl«J^Sa«*W^SXS^K 

L E D^Oflffii-cA 4 . 
[H21H1 ©-^Wfi£fi*«=&Mf*LfcL E Dttft© 

ffiij®nrc&3o 

[S3] ^x-^ • *'>rw >»4MLT«0# 

[14] a*isi»c3ffi£^T*03©#&©ffl!raia-ca 

So 

[S5] ^^-^ • tfy^j ^tficx^xsmzn-rtsii 

©L E D«it©Mffi0-C*-S. 

[06] ^^©^(c^x-^^aig^ixf)^^ 

3 ©H^W©<IiJ®0t?*-5o 

[07] 02©LED1»it(c^x-M«^S^K f )# 
Wfc«iJ©H*fe«a|©fflil®0-c*S . 

[08] •Jx-A^>r^>* r Mifcj:r.r5 7-«: 
Bl D ttW & H 2 © L E D MS© ffiBHT ft £ . 

[0 9] ®@Sn?cLEDi5lg©fflfJffi0-C&.S> o 

[010] x-/N^$n/c^-^->^fi£jl^ffl^€> 

[0i n <o *.—»&-&2mc^z-^fcjm*m^z> 

LE D»g©{fiJMEI-Cft-5> 0 

.[0i2] fx-^ss^snyt^if-^jaMifflir** 

LED^g©fflJH0-Cft4 o 

[013] o*-^m-&zntc;<z->B<im*m^z> 

LE D^iB©(IiJM0-Cft-5,. 

[014] 9x^«*gft;lfc/<*->JBR»l*JHi,»& 
LED«g©flM0r&.5. 

[015] *^©Ig4^Tt Sfcft© f i - ^ • *~ 
> ^ •<> f$^©^fif 0Tft -5 . 
[0 1 6 ] 01 5©^x-^ • tfls-f* >?mS:t:3bft 

[017] *»ifl©I«£38fT-rSfcft©S0©««©«. 
BS0-C'ftS. 



(13) 
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cm i 8] hi 7<Dmm±ti>t l cm}Tz>tc$><Dm$5& * 60 

*t© j8»«*^-r»*»4«iar * &o 6 2, 

CHI 9] HI 7 0^mt± ! blCim'T&tc&<Dm$8$K 6 8, 

[H 2 0 ] {^*0®iRttSS^^t 6 #- JIBJS^ L E 7 4 

7 6 

[02i] a^ooRiRttSffi^^-r^-m^^^LE so, 

D«jB©«iHt*4 f 8 4, 

CH 2 2 ] «Ol»lfi^tt^riS^L E 8 6. 
D^g<Dij*JMHr&£ 0 10 9 2 

wncDtftm 94 

3 0 j&ss® 9 6 . 

3 2, 3 4, 3 6, 3 8, 1 5 6A. 174, 178 102 

F» 126 

40, 64, 1 2 8, 1 44A «3fe*-f*-F*» 134 

4 2,7 8 «fl|& ^7fet4S« 1 3 8 
44, 142, 144, 154, 156 14 0. 

4 6 ^2^m^ 158 
48. 1 8 2 fg2S« 16 0 

5 0, 1 5 2 Vx.-/\ - #>^*-f>yjB 20 1 6 2, 
5 6,5 8 flba^Mf tWN * 166. 
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1 3 6. 1 4 6. 1 8 0 
1 3 2 tES&Jf 

110. 112. 114. 
lie mi IISW 

lis jg 2 miasm 
9 8 nuernvt 
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±J1 

Til 
1 64 
16 8, 



15 0 m& 
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58. 
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j-40 
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52 
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r 

1V 60 
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[010] 
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140^ V 138 
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[111] 



128 



140 V 
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144A 
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[012] CHI 3] 




[Ml 8] [120] 



AlGaAs(ni 
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GaAs(p) 
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AlBaAs<n) 
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7D> h^-£*Dtt* 

V vy-^X • K^W^ 1043 X W->3* K • K^tf 17963 

y *^rh* y ? * ^r^ar^ 
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[mrB )Wl3f 11^90 (200 1. 1 1. 9) 

C4»B##] <ftm¥-6 - 3 0 2 8 5 7 

C^iaB] ¥J5R6^1 0^2 8 B (1 9 9 4. 1 0. 2 8) 

&Mttft&«8 - 3 0 2 9 
[ttJH#-^]^FSI^6-6 45 2 8 
[HI^Flt^a^7M] 
H01L 33/00 

[F I ] 

H01L 33/00 



[«ttiB] ¥Jffil3*P3Ji8H (200 1. 3. 8) 
[3M*MiE 1 ] 

tmim 1 1 mm<Dmmm*^irz,mt*tj *- f 

%>XT"j-7t \ msEmtR^titcm 1 W*4#" 6^11 
t«Xr-^i ; »IB»*y.Y.*.-..F«3S©»3efM6<?) 

neat* s hfca*^*m©»ijiJi & bms^* * 4 *- 
-Jit, mmcomzmizm 1 ««±«ci e * +->r juss 

x K * + i/ wUiSft 3 #-5 ©fC®j£vtt*i* SteT* 4>fc 
6"TJ:5&t«4*«aiRSn. fWBStSt©Jf£i 

K£tf. 1 {CiaiS©:fr8r„ 

CI9«J14] «nEWl»«*l»*-r4^f--» W ft 

taut i m&tm&z txzmtm*- pm&dMwucm 

f»*W3{Cfg*g©^i4. 

c m&i 5 ] mmmmm zmt f husk 3 * 

»4fc«>K:.fcS$*ifc«a-csStT3*v 9*-^-jje> 



7 s -/ >ysft3»*iwt3tt*fc«&cefiffi*_kj*sti'S 

(1*3916] «fBB«>*-^ • >y-TSXr » 

^"iffiiEaKfei4tm*a»?-r 4 * » ^o^te < £ t— 
r. in-gmmft. Hg^mmn. c<imm, zn 

Ml^Xf^ + J/tJl-iSJ^Xf i-T'i, CCD 

dsnTi»«JH2fln«wo. -etijcfco-ciwia— ^ 

*&S**»ne«*f Y F»©«nE» 1 flWHEROT* 

tasfi 2 M©— #{c?x-^ • *">fw >^-r-5x-f^ 
**. mrie7icxa«i Mian^f a =f- - kh £ ©surar© 

f?ia7xxss <t mrta^ 
<Dfs ici&mtmm^mm- -f^ts -. h u 

^3fe 9 -i * - F *Bf&? Z> 

[ if #m 9 ] itriafiss^jt^ffi?:^ z>*t~-j7 

ifi. W^jCy^*-FJH©fl»l«lHtt:«Wa*A»R« 



0 2 8 5 7 



zmiz-r zxt-v Jitsts* »*jf 8 
[n«s 1 o ] WEJssR3»*«BB*iB*gw.6*?' ■» 

gg«£l£*T v -firsts . StSJSS 8 «CK«©:£ 

& • . . , 

HKisshs. stains <,aiM,<D-ftm. 
[B*si2] ^-'^©MWt yr© 

C Wm 1 3 ] m B*X»R i maej$ft% $3*18 4 * 

Fa{cmrsB*x»« : &f • 
f -a fcto te . tt&k4JHE i swaa** -f * - f s©ii> 

X-r^^^t?. it#Jg8«:fBiS©#r£„ 
[M*H 14] mi S£€R& f » 3T4 ; Hi£© 

JB# l ojy_h©7'^ 5 -9 ; mriB 

* :7#5. MfB^jS^'ftJiROHJfaT Si 1 ) a^w^ss 

SMS * f - s> rr-r $> 5 . SS:*OS 1 4 «cSBJR©2r£. 
[ M3&9I 1 6 ] -BSfcW£Bgfl**&W Z * T * -ft . 

£^<* ; WfB-^W^SSflLhtcmtB^^^ Fa 
lflWBBRtf. ffrfB-B#S<3^SS®i$£^L-rt>«,^2ffliI 

5 <»; ^ . bu laifejt ifjt-Fm owiism i ffiiiffiso'B? 

8BIB3fey Y F Jg <b Jtiif Bzgmft 3 =? -©iSS£ ±M $ 

-ffl 2- 



^■*3 6«:S*. b?1B— B#flty£SS«©l&£#. Suta^ 

«tts5-*iiir8B»*y-r*- Fa©^f2ffliffi(c^x- 
/> • 5 s a > y-r * * ^ » ^Kifea o r tf *>n m 

?m 1 6 (ClBfS©^a. 

i it *m i 8 ] «r3B*s& s5-*ij2 a«j:*ca3* 

■B-C. ^2^?fe^-far- FttSMr^A-rSX^v 7t : 

mam F.«jt* ffif&m 2¥&l#<(*-y 

2 |63fe * - F«jg©rBl©Wia«EI?® 
4r^*- F*8U§-f37$rS=. 

fiS^S«t±«Cfig^$ to. S tc C ©-B#WR£SS«*K 

2 1 ] mum \mt**A*~- vmrnsLzmm 
ibox-^ • ^^.i Buia^i^ 
m&t>aT f ? -Jz&ts. m&m 1 9 tctasg©^ 

[ftJKJf 2 2 ] HtrlB^ 1 mt$4 *- FBROTWKSt 
2|636^'('3f-- Fg£ie**->i-;M&gS-t*5X-r y 

F«js*-?*w\ • t;>f^ ^^-r^^T-y^ 

*- FflKSO«SWBtC h>^^^5*Ill. C© h 
> ^ ^S-^SP* 5 . Sa 1B^ 1 36ft; ^ -C 3f - F ^jEROlTIB 
^ 2 Z A * - F mt t Ictfxtt ©ffift^^f -5 . ft* 
^1 9 (clB4S©^iS. 
[ It&K 2 3 ] ^Htffi-Cg^ 3 tote^^ 1 <DM 

^-|>J:^fc. BtilB^l©a©^l©^H^>'^-->^ 
•T* *:r 9 ^<b ; Ra'mrlB^ 1 ©JI©IS 1 ©^ffi^rwfB 
^2©aiC'5x->'> • >i/-r.&^^^7-<i: ; * 

sswxf-y^sem, BtriB^i©a©0i© 



ftffi¥-6-3 0 2 8 5 7 



3J:WC* fjt*gi2 

3 lasMvite. 

mmm2 5] mFSa»l©S©f&l*lffi*^*-x:> 

c ©is* . fri am 2 ©ji <t «je» mvmzm 1 ©a © 
[ia*Ji2 7 ] frtem 1 ©js#, tsjssffiti'j -< > kb 

[19*312 9] f lOSSifiWi^f-^^i ; BflfE 
Ml©Sffi«Cl I -V IRftjf-f*- MtttHRttS:* 
* » ; I I -V 1 18*^*- FflWft©* 

JEtfeMflLkf4J:5tt:. I I I -V^IStS i C 
S«©-^?rl9f3 I I -V \ A*- FfflkiCVx 

C¥MlfiE2] 
[f!liE*t*»82] 
[ffliE*tm3SS«] 0 00 3 

[0 00 3] U-1f-4«a&»). LED«Sjif(c*m 
3*ifc:fctr-A££/jXO&l>. >PfJ®W«:LED«^lSl 

< ©fi£fcJfJ©L E DOI«LE D©tB«rtH*©8dHx* 

it^gsns. *«(i«BS6fiR^rtr^snfc*n© 
— »*«*rr-5©x. jRT-©j»**fiTr*. S£^©m 
— ^ t- p &&§g ©flfrf 1st ^ • # !/ 3 a («T\ 

AlGaAsilr^) LED £12 2 0 (Cth OX* Z>. P 
- K-tr>^3tifcA 1 GaAsOxeStJ/t*! 1 
Oi, n- F-t>^snft:A 1 GaAs©xm-> 
+ l 2 - K-t^l'ShfciM^A (« 
T. GaAsil,^) SMRttS® 1 4 ©Sl®±T*l&g3 
n*. xf$^->+;l/|Sl 0 £ 1 2 

1 4©x*;l/+" • + »5 r *JJWWi*JU=t f <t«)fe/hSl,» 
©X, 5&JRttS«l 4©^T[S){CT^CC^$n, Xttl*3 

[#£S*iIE3] 
[filiE*t*«gtS] QUIDS 

-m 3- 



ClliE*MUS&S] 0004 

[0004] 021 «:©$&©«« 1 6 iKIj ^fq 
iifOAIGaAs LEDT*4. n - K-f >£f 
StlfcA 1 GaAsOxf$ + ->t/Hl 8i. n - F 
-f>^JhfeA 1 GaAs©120M2 2 £**(ftJR 
tt©»£l 6±-C5Eg$*T.-5. xt^+i-tJH 1 8 - 
2 2©/>">F • df + y^lttBWii&Sxfcrir+WA 

£o&t>. 

[#^jE4] 

C*iBk**9IB«'] 0 0 17 

[0017] ita©*ifctt'i>*-^»^»*#-rijft)i6 

i-T41#tt**rJltO< »»«X*Si3E«Sn4. 
c©«t 5 ©— o «x e * * > ;Hifcg $ ti tc*& 

■&<p^7-ti tmmt om o x , ^s-^-^f^y 
s n/c^wM-cjfM $ nsa§^ o #<<>is{i©tts?a j sft 

fcSSIBiilt rx-y i^©|E{4(eclqe dislocatio 

n)j . -r&fr^-e©^-;*/-* • hsx'ffiv*— ^ ■ 
**srsfc©<fcBw>6*ixi>*. cn?»©#tt««:a 

K|{CttJ:0?St,i rj£fS{K{4 (threading dislocation) 

j . ■r**D%^s^©^i?aKSBssnr. mwwic 
s*orsii:«ce»o«j:^i-r-sitott*M-r-sxfdf*-> 

[#^»IE5] 
[ffiiE^mSfflS] WMW 

mimMimmz] oois 

[ffliErtS] 

[0018] *«w©ai©si»flixtt. ■ufftfcift^'c 
©fixssffi±xxfc*£*s/* 
^s?ns. Aitwci i i -v¥m#<D&<tiw. 

^©ASIii^fli^SSTfeO. JtoK^JBtctoT^fc 

I I I -Vxt'^ + ^+jUB^r^LEDtC^MftJCK 

fci^^tA IGaAsCL E D (iigm©£>£iW&T-C© 
«HflMft3t+«CA 1 d**36««l»»©iWk©ift*«E: or 
s£{bf C©^t«^*-^ • > iftWaT 

5CiKJ:oXe«-rSBl«ett*J*4. CT^-B. Alt 



&ffl¥-6 - 3 0 2 8 5 7 



^^ig#fe^.^Ci*ir*.5„ Rttfct/r. GaP 
©•>*-^S^»*aW««2 4©*»»<blB#**.& 

:^mmiE6 ] 

[ffiIE*t2&tf»S] mo* 
. [ffliEM^S^] 0 0 2 5 

[ffiIEl*)g] 

[0 0 2 5 ] — BSff5/£gfi«3 0 ©W(iJ*£ #2 50% 
^l/50 0 wm©IIrtOGaAsStt*5. ^CCEH 
0©LED@3 2, 3 4. 3 6 &tf3 8 #J&fiS&3 0 
irfifcRSfi*. LED»3 2-38ttlK«ifcr** 

r)iKS3-&-2.Ci*5T#^.- LEDI3 2-38ini 
^P g^ LED **jatT #IPJ« i*©«tt© L 

[MiEttiUMS] W*ffl# 

m&tmmmzi 0030 

[»£:*&] 

[003 0] M 3 IttMBRflU t LX&FRSti. tfcW 
DB3 2K-?*-^^snfcSIJSW*^L.-CC^. 

c n tcEBfc f £ $ $ tr £ c <t &b 

mmmzmTz-c&zL l e Dt8&4 o <D&mtm^ 

JI-C&-5LEDJ1 3 2-3 8^W«:SSS3-en«J;C»© 

r. xt**s/i.^fiR««:«-r*i^Bi*j|lw«:Jilir 

0 * • -f > Vk*W<cgiW<Dmfflfr h p - n ffi 

*©<£ 5 K^g^StMB^Wxtf+i^clllSTrspgK: 

[*ttfSiE8] 
[fiIE*t&#?i«] SH*ffl« 
CffliE*ta^a€] 0 0 5 2 



[0 0 52] A*->^3ti/c?i-/N • > 

XbSnfcn - G a P««*«|ftjdS-r*ttW4ffll,>-C-''Cir 
->Jgl££ft&t,>n -Ga PS&CCig-^Sftfc,, 

>fl5fiS?nfca®ttii:g7!)i$5ji 7 5 nm-css;*##ji 5 

m m cmWmh- £ x 9 > y T -5 c t ic J: -> T 3 n 
fc. g^ttl 2 5 amfcWIHPI*N|-C6*lfc. C©^^ 

i^4 0 ym-C*5J:»5/h$t^^fc|IKSnfc„ 10m 

©»«©«n*iwjhr 4 j: 5 k. tm-rz&ffizmm o 

^fiK^fi^GaP-Ga P*g-£ REX I nGaP-Ga 
[**HlliE9] 

[ffiIE*fagiS«] 0 054 

[0 0 54] 01 &JH2JIMaSP4st8 4S^8 6£{ig£- 

*mm L-cm&L fca. r * > ^ 

««653?«9 2rtfc#ASn. c©53l»tt*tt:PB«Jg 
fiffijftiPKSSASn*. 1. 0 V v 5r-/^©jfeM©Hj_ 
SI^Tigg*i8 5 0 - 1 0 o o-cs-cji^sn^o is 

<. 

C#«BiiE 1 0 ] 

[fiiE#ta«8i£] 

[«IE^m^a«] 0 0 5 5 
[ffluEfrffi] 

[ffiiErtif] 

[00551108!*. — j«©^*-^8 OJ&SBBffiSn 

4. ffiffi^*53S©9 2©SUI?5B^S (5. 5xi0"' 
/■C) i. .01 ^02^18^8 4KCF8 6©«M»SRft 
ft ( 8 . 4X1 O-'/'C) i©M(Cj: -,t4T5. E 
fC. ^*->-n8 0<D&Ji3g£igfc (WitfGaPO»&tt 

5. 8X10VC) Wffl^-C*4©-C, KffijlZMK. 

[^ffliE 1 1 3 
[ffliE>Pta«g«] 0 0 5 8 
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[0 05 8 ] Ti2©j?®>©*§£\ ^x-^BGaP : S 
(n - 5 x l 0"cnr J ) ©S« C ( 1 0 0) + (1 1 
0 ) ©^frSC 2" . Xtt(lOO) + (110) ©#|3j 
{CIO' J i. (GaAs±-t?ffigtl/!!)fc/l325^ 
O^tBifir + i'Ga P^P,fM3hfc) GaP : Zn 

(p -2 x i o-cm- 1 ) rmim&i *>e>l$,~>Xl> 

•5„ GaAs :Te (n-5xi0"cm°) ±V&M 
mmt^MM (MOCVD) (Cj:-,tsSfigtfcftl u 
m© In,., Ga,., P:Te (n-lxl0"c 
m- 5 ) . MMOCVDKAotGaAslTM^ 
fcIn,.i(AU Ga,.,) ,., PrM ^?-affi M<DL 
ED tfribl&2,mt>m^ibtltc. GaAsl» (1 1 
0 ) ©2fft{C (10 0) +2' <OWfa~Ctb -> tc. ffi#y 
x-^ • >d/©&. HfcBaM©&«fiitt-AS(c 

HC L : H NO, :H, O ( 1 : 1 : 1 ) tp"C©x ■> 

AuGe-C&Jg'ftStt. Sc;/3(«pfS.»AuZ 

i^mmiE 1 2 ] 
[ffiiEttiMfSig] wmm 
mimmmm^] o o 6 1 
[«£#&] 

[ffiilB*^] 

[0 06 1 ] (a) n-0OIn,. s Ga,., P(c«§ 
^fcn-ffflln,., Ga,.,' P*i<E.ft S.HtIfi^3 
ftfc^x-^i. (b) n-f©GaPKi^tlfcn 
-Jf2©I n,., Ga,., PfrhfS.ZMft&'iiZtltcVx 

*>U (a) a^-7(Dn-ifflIn,., Ga„. s P 
/In.., Ga,., P©3g£te. (b) a^-7©i 
m<Dn-B<D I n„., Ga,., P/G a PS^ttfcSS-0 

■cmff-m-emb < fit»«JK*sLfc. ( a ) ©is^ctig 
fH«m. 5^-a-c*o. — (b) <Dm&<,m.m 

«^5^--AT$,ofc„ (20 X20 S;U©5V) $>& 
WJ, SCiWDlUln,., Ga,., P/ln,., G 
a.., P©3g-£t;t. lOOOWMSnSln,., G 
a.., P/GaP®»^iJtRl/T. #J9 7 5'C©J:'? 

[*ttMiE 1 3 ] 
[ffl)iE*ta«ftg] ?g$ffl* 
[ffliB!=t^a«] 0 0 6 2 

[ffiJErtg] 

[0 06 2 ]^S©S*J. LED©S»jtrffil3nS 
af* 1 ?* -;n • jJOt* ^ > ytcii I n ^T/ifeJJ^SS L 



-*i%£v&z>ztttm<.i ens, i n^w^tas*^ 

£ Jg£©*f . G a m=f- 1 tm. L ri n S^O*!^ 
S&&#i^<. XW. GaPitbKOT I n... Ga,., 

■C*5. Jgfc. AlGaAs-GaAs - I nGaAs 

m&vteiti;%(&&immm^c ta^e-ft-cos. isi« 

XHGaPi^ir. &^3ftfc«£#ffi©Jli2ri n 
, Ga,., P (x<0. 5) ZC±&~C% 

i^mmm. mi 
[?iiE*f^e®«] wmm 
mimmmm&) 0069 

[JiiErtg] 

[0 06 9] MBflfft-g 6M98 1 0 2 1*3 

tcEsstiT^a. »^<Dimtm9 e\tjmem<D9i 

flMFflfl 0 2«c*tu-cH)etflMe*S. «r2f©jiMfl»tt 
9 8 tsjWMHf i o 2 rt«csnnra6r*«. ^issw9 

8 CDganSB 1 1 2F*3(C§S^*ifcttl 0 4 iC^MBE f X 

(c> <>t,>r«i i o©{4g{c*s— ^©•i'x-^^nr^ 

[*IMiiE 1 5 ] 

LMjEM&mmz,] wmm 
[ffisEwmmmzi 0072 

■■[MiE*S] 
[ffl£E(*3§] 

[0 07 2] ^©nJljBtti Lt. <t>*-^mWfrt>Mit 

vtzmmicMs&L. i-^MAst + ^xBPtt 
s„ * * 9 ^ n/c? x MMffit 

«aWtcJS)ltL-CC>S*>5*»ttaB-c«i5ci,>. ^(C* * 

-^^>&tt*$n/c'i'xwN«5 0 o'c^jHA-ss^cfln 
[**HtiE 1 6 3 

[ffliES**as«] wmm 
miEttmmmz) 0073 

[ffliErt^] 

[0 07 3 ] HtC. S-^cpCC K-7*i?I©*'X?r|l 1 7 © 

ms&*3i o 2*mis-cmM£i£> s-^^n-s^ffi-c© 
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h • tfXfCKH, Se, H, S. DETe&tfDMZn 

[#£S*iIE 1 7 ] 
[flUEttftBSg] 0 07 5 

[0 0 7 5 ] L E DCIMCfc*©') • #>-r 

* - A^f 5 C i S. — ?<D%?m<D 

mwit. mw&i3R.vmfc}j<o%ff3ic9ai;x i i i - 
v, i v. x.tt i v - i vmmw* *) b—mcsmatK 

I I -VJ_ LED«j»ffl©ffl^J-C* 

©jK#x«— #*isi±-rsfc«>K: i i -vxwcigisfift 

I I I -V^X«S i CJMK*B4*9 * -'>tte-r 
C^ffliE 1 8 ] 

[ffijE*ta3B«] BBftMHfc&ttli 
[0E©tS#ftt89)i] 

[02 ] 0 1 ©-B$fft;&g*«£6fc*LfcL E DfS®© 

ffijffi0r*-5. 

[03] y*-»-#>7j>>/mijzmmvxfR*)tt 

Wfc*A»S*triia2 0L E D*ft§©0Jffi0-C£, 

So 

[04] *f[6lfiiJ«caS*W-r403©«jgcDffliM0T?A 
[05] ^j-A-TfOf^ytciorSgSiafcBi) 



©l e D®m<Dmmmx-&z. 

[06] 01CD^Cci;*->'N^S®^«D#^^ 

3 (ommmaMimmx $> -s . 

[08] tft>5= -f > ^SffitCj: 5 

iR9ttWft:02©L E D«jg<D<f]ffi0-C*4. 
[09] f»Jf 3ttfcLED*gl©ffliJM0-C&& <1 
[010] 9*->\gte3ftfc/<*->J&|0OT*flil.»s 
LED^g©{|iJ®0-C*-2.„ 

[01 1] i?x.-^m£t2ti-?c^5-->mi&mzm>?> 
[012] ix.-^m-£$titc'-i$->]&f$m*m^2> 

[013] ■5*-/^3hfc/<*->flSi%fflt>5 

[014] ^*-^&^£ftfc^£->7f?J$JS£ffll,>& 
LEDSla©ffliJB0t>£>£„ 

[015] *^W©ia=&^f-rSit*6D>>a-^ • 
> 7 s •< > ^igB<D^-JS0-C * -5 „ 

[016] 01 5©?*-^ • *">-r ^ >^3ig*B&f[i 
■f 4 I^CDSS^Tn * 9 ^ "C * 5 . 

[017] ^m<oTM^mi-r htc^cr>m<D^m<r>m 

DS0-C*5„ 

[018] 01 7©igit^(C«ffl1- Sfc5t)©a§SaJ 

©n **-r^is?i4m0T- 

[01 9] 01 7©«H£<bfe«C^-r-SfcJ&©«§&3P 

ttoyjosjjteW^-rdJsisHjiiar**. 
[020] m&<pm&.teMiRzm-rzm — -t-q^l 
ED^a©ffliffi0-e&£„ 

[02 1] S£3R©(RiRttS«5:W-r5-tt^a^L 
EDig©lliiTS,5 0 

[02 2] gfc»©j8#ttgfe£ Wf -5 -g ^- fa g^L 
ED^g©ffllBD0-e&4„ 
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